Background: Inadequate consumption of fish could be a risk factor for low birth weight (LBW). This study assessed fish intake and o-3 LCPUFA intake and status for their association with LBW in a cohort of urban, south Indian pregnant women. Subjects/methods: In a prospective cohort study, data on maternal fish intake and o-3 LCPUFA intake and status of 676 women were obtained at baseline (first trimester), the second and third trimesters of pregnancy. Infant birth weight was measured immediately following hospital delivery. The dropout rate was 7.6%. Results: Fifty-six percent of the study women consumed fish with low daily median intakes (3.4, 4.1 and 3.8 g day À1 at the three trimesters, respectively). Consequently, the median intakes of EPA and DHA during pregnancy were also low at 2.1 and 10.1 mg day À1 , respectively. EPA and DHA intakes were associated with their status in erythrocyte membrane phospholipids during pregnancy (r ¼ 0.40 and 0.36, r ¼ 0.34 and 0.32 and r ¼ 0.37 and 0.41, at the three trimesters, respectively, all Po0.001). Women who did not eat fish during the third trimester had a significantly higher risk of LBW (OR: 2.49, P ¼ 0.019). Similarly, low EPA intake during the third trimester had an association with a higher risk of LBW (OR: 2.75, P ¼ 0.011). Conclusions: Among low fish-eating pregnant women, fish intake in the third trimester was closely associated with birth weight. Supplementation with o-3 LCPUFA during pregnancy may have important implications for fetal development in India.
Introduction
Long-chain o-3 polyunsaturated fatty acids (o-3 LCPUFAs), such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), play an important role during pregnancy as they are important structural constituents of the highly specialized membrane lipids of the developing brain and central nervous system. Since the fetus depends primarily on placental transfer of these fatty acids, it is important that maternal LCPUFA status and supply are adequate to meet fetal requirements (Innis, 1991) .
There is evidence that a habitually higher intake of fish, a rich source of o-3 LCPUFA, improves birth weight. In the early 1990s, positive associations between maternal fish intake during pregnancy and birth size were found in Danish fish-eating communities (Olsen et al., 1990 (Olsen et al., , 1993 . More recently, in the same population, a strong negative association of fish intake with the risk of both low birth weight (LBW) and preterm delivery was reported (Olsen and Secher, 2002) . However, these were habitual fish-eating communities, and the question remained as to whether such effects could be observed in developing country populations with poor habitual consumption of LCPUFA-rich fish in their daily diets. This may be particularly relevant in India, where nearly a third of babies are born with LBW (WHO, 1995) .
During pregnancy, accretion of maternal and fetal tissues occurs and consequently, the requirements for o-3 LCPUFA are likely to be higher (Lauritzen et al., 2001 ). An FAO/WHO expert committee recommended a diet with a 5-10:1 ratio of o-6/o-3 fatty acids and 300 mg day À1 of preformed DHA during pregnancy (FAO/WHO, 1994; Simopoulos et al., 1999) . Populations, such as in India, that consume largely cereal-based diets, depend on the consumption of a-linolenic acid (ALA) and its endogenous conversion into EPA and DHA. ALA is highly concentrated in certain plant oils such as flaxseed oil and to a lesser extent in other oils, and in green leafy vegetables. The use of these oils is variable across the Indian population (Rastogi et al., 2004) . There are data to suggest that there may be an inefficient conversion of ALA into o-3 LCPUFAs (Gerster, 1998; Brenna, 2002; Burdge, 2004) and that the absolute amounts of both ALA and linoleic acid (LA) in the diet determine ALA conversion in the body (Goyens et al., 2006) , and not their ratio, as previously believed (Hussein et al., 2005) . Therefore, a diet rich in o-3 fatty acids, particularly LCPUFA, may be crucial to ensure optimum o-3 LCPUFA status in the pregnant mother. Currently, there are data lacking on fish intakes and o-3 LCPUFA status during pregnancy and their possible relationship with birth outcome in India. Therefore, we aimed to relate dietary intake of fish and erythrocyte o-3 LCPUFA status to LBW in a large cohort of pregnant women in urban southern India.
Subjects and methods

Study design
This study was part of a prospective cohort study conducted from January 2002 to March 2006, addressing the association of maternal nutrition with birth outcome. The present paper reports the data of evaluation of fish and o-3 PUFA intakes and status in pregnancy.
Setting
The present study was conducted at St John's Medical College Hospital, Bangalore, India, which is a 1200-bed tertiary care hospital drawing patients of diverse socioeconomic status, from urban slums to high income residential areas. The Institutional Ethical Review Board at St John's Medical College Hospital approved all study procedures, and a signed informed consent was obtained from each study subject at enrollment.
Study population
All pregnant women aged 17-40 years and at o20 weeks of gestation, registered for antenatal screening at the Department of Obstetrics and Gynecology at St John's Medical College Hospital, were eligible for the study. Women willing to participate were recruited as early in their pregnancy as possible and were followed until delivery. Women with multiple pregnancies, those with a clinical diagnosis of chronic illness such as diabetes mellitus, hypertension, heart disease and thyroid disease, those who tested positive for HbSAg/HIV/VDRL infection or who anticipated moving out of the city before delivery were excluded. Sociodemographic details were collected at baseline (12.473.0 weeks of gestation). Information on maternal anthropometry, dietary intake and blood biochemistry was collected at baseline, second trimester (24.271.8 weeks) and the third trimester (34.071.5 weeks) of pregnancy. Of 1300 women who were contacted at the antenatal clinic, 897 consented to participate and were recruited. Of them, 68 were lost to follow-up and 829 (92.4%) completed the study with a known pregnancy outcome.
Sociodemographic and anthropometric information
On recruitment, information on age, obstetric history, family composition and socioeconomic status was collected. Gestational age was confirmed from ultrasonographic measurements within 2 weeks of the baseline visit and again closer to the time of delivery. Weight was recorded (Soehnle, Germany) to the nearest 0.1 kg and height was measured to the nearest 0.1 cm. Body mass index was calculated using body weight and height at baseline (kg m
À2
).
Dietary intake: food frequency questionnaire Habitual dietary intake for the preceding 3 months of each trimester was assessed using a pretested, interviewer-administered, food frequency questionnaire (FFQ), adapted from one developed earlier for urban south Indian adults (Rastogi et al., 2004) . The FFQ used standard food measures to quantify the portion size of each food item. Cooked food items had been earlier standardized for raw ingredients along with volume-to-weight conversions for each food item. Nutrient composition of foods was calculated using Indian food conversion tables (Gopalan et al., 1996) , or from the USDA food composition data (USDA ARS; http://www. nal.usda.gov/fnic/foodcomp/search/). The FFQ was validated against 24-h food recalls (mean of three records per trimester) at each trimester of pregnancy (n ¼ 100). Correlations between the FFQ and the 24-h recall for EPA and DHA intakes were: r ¼ 0.22 (NS) and r ¼ 0.28 (P ¼ 0.03), r ¼ 0.43 and r ¼ 0.42 (both Po0.001), and r ¼ 0.47 and r ¼ 0.47 (both Po0.001) for the first, second and third trimesters, respectively. Information on the use of routine antenatal mineral supplements, cod liver or fish oil supplements was collected at each trimester.
Fatty acid status: measurement of erythrocyte membrane phospholipid fatty acid status Fatty acid status was assessed, during each trimester, in a random subsample of 150 women. Venous blood was collected in EDTA vacutainers (Becton Dickinson, Franklin Lakes, NJ, USA). Fatty acids from the erythrocyte membrane phospholipids (from 500 ml of washed packed cells) were analyzed using gas chromatography with a flame ionization detector (Varian 3800; Varian, Palo Alto, CA, USA). Briefly, the procedure followed involved the extraction of total lipids, isolation of phospholipid fraction by thin-layer chromatography and transmethylation of phospholipids (Morrison and Smith, 1964; Rose and Oaklander, 1965; Gentner et al., 1981) . The fatty acid methyl esters were separated by chain length and degree of saturation by injection onto a 50 m Â 0.2 mm capillary column (FAME, Varian) with nitrogen as carrier gas. Eleven individual fatty acids (listed in Results section) were identified in the chromatogram against reference fatty acids (Animal PUFA 2; Supelco, Bellefonte, PA, USA). The content of each identified fatty acid (its area in the chromatogram) was expressed as a percentage of the total area of the 11 identified fatty acids. A total of about 40 peaks were detected in the entire chromatogram, and since the content of each identified fatty acid was expressed relative to only about 25% of the peaks detected, it is likely that their content, expressed as a percentage, was overestimated. However, this method was uniform across subjects, and the area percentage of each fatty acid could be used to rank subjects. The intraand interassay coefficients of variations for fatty acids ranged from 0.1 to 5% and from 2 to 12%, respectively.
Birth data
Infants were weighed to the nearest 10 g on a standard beam scale balance (IPA, Bangalore, India) immediately after birth. LBW was defined as a birth weight o2500 g, intrauterine growth retardation (IUGR) as birth weight less than 10th percentile for gestational age and preterm delivery as delivery before 37 weeks of gestation. Of the 829 women who had a known pregnancy outcome, there were 65 spontaneous abortions (7.8%) and 764 live births (92.2%). Thirty-eight women (4.6%) developed diabetes during the course of pregnancy, and in 50 other women (6.0%), the presence or absence of diabetes during pregnancy was not known. Hence, a total of 676 women with live births and no gestational diabetes were included in the analysis. The prevalence of LBW, IUGR and preterm births in the 676 live births was 20.7% (n ¼ 140), 33.6% (n ¼ 227) and 9.8% (n ¼ 66), respectively.
Statistical analysis
All analyses were performed with SPSS (version 13.0, SPSS, Chicago, IL, USA). Only data from the 676 live births were included in the analysis. Pearson's correlation was used to assess the relationship between dietary intake and erythrocyte status of fatty acids. Repeated measures analysis of variance was performed to compare the dietary intakes and erythrocyte fatty acid status between the three trimesters of pregnancy. Post hoc Bonferrroni adjusted t-tests were used for pairwise comparison. Dietary intake of fish in the three trimesters were categorized into three groups; group 1 consisting of women who did not consume fish (B45% of women reported no intake of fish), the second group with fish intakes below the median intake (among fish eaters) and the third group whose fish intake was above the median intake. Multivariate logistic regression models were constructed to estimate the relative odds of LBW for intake of fish and o-3 fatty acid intake and status in each trimester after adjusting for potential confounding factors (gestational age, maternal age quartile, parity, maternal educational status, maternal weight quartile in the first trimester and maternal weight gain quartile in the second and third trimesters. In a separate analysis, the odds were also calculated for fish intake adjusting for the intake of other nonvegetarian food in tertiles (poultry þ egg þ red meat), and the remaining above mentioned confounders, as nonvegetarian food intake could be a possible confounder for effects of fish intake on LBW. The intake of fish in each trimester was also log transformed and included in a linear regression model of birth weight adjusting for all confounders. Level of significance were set at Po0.05.
Results
Baseline subject characteristics are presented in Table 1 . There were significant differences in the median educational status, baseline weight, weight gain in the second trimester (all Po0.05), maternal age (Po0.001) and fish intake (Po0.001) between women in the three groups of fish intake. The mean birth weight of all newborns was 2.8270.46 kg and that of LBW babies was 2.1870.30 kg. There was a significant increase in macronutrient and o-3 fatty acid intake during the course of pregnancy (Table 2) . Approximately 50% of all the study women consumed fish; however, their median intake was low and unchanged throughout pregnancy (3.43, 4.06 and 3.76 g day À1 at the first, second and third trimesters, respectively). None of the women reported using fish oil or DHA supplements. Table 3 shows the adjusted odds ratios for LBW by groups of fish intake. Women who did not consume fish (group 1) during the third trimester had significantly higher odds for LBW when compared to women whose intake was above median (group 3) (adjusted odds ratio: 2.49; 95% confidence interval: 1.16, 5.36). There was no association between fish intake in the first and second trimester and risk of LBW. Adjusting for meat intake did not affect the relationship between low fish intake and the risk of LBW. Fish intake during the first and third trimesters of pregnancy significantly correlated with birth weight (r ¼ 0.1 in both trimesters, Po0.045 and Po0.001 respectively). This is represented in Figure 1 , where the regression of logarithmically transformed fish intake in the three trimesters on birth weight is drawn; however, the slopes of the lines representing the three trimesters did not differ significantly. Table 4 shows the adjusted odds ratio for LBW by tertiles of EPA intake. In multivariate analysis, women in the lowest tertile of EPA intake in the third trimester also had significantly higher odds for LBW as compared to women in the highest tertile (adjusted odds ratio: 2.75; 95% confidence interval: 1.26, 6.02). There was no association between EPA intake in the second trimester and risk of LBW. Neither fish nor EPA intake had an association with gestational duration.
The erythrocyte membrane status for the major fatty acid components, in a subgroup of women, during pregnancy is 4 significantly different between first and third trimesters using post hoc pairwise comparisons (Po0.001); and 5 significantly different between trimesters I and III using post hoc pairwise comparisons (Po0.05).
presented in Table 5 . There was a significant decrease in erythrocyte membrane status of stearic acid, arachidonic acid and EPA and an increase in palmitic acid status during pregnancy. Significant correlations between dietary intakes and content in erythrocytes were found for EPA and DHA at all the three trimesters during pregnancy (r ¼ 0.40 and 0.36, r ¼ 0.34 and 0.32, and r ¼ 0.37 and 0.41, respectively, at Po0.001). However, there was no association between ALA intakes and the status of its long-chain derivatives (EPA and DHA). No significant effects of erythrocyte fatty acid status were observed on risk of LBW.
Discussion
There has been a lot of interest in recent years on the role of essential fatty acids in growth and development. To our knowledge, there are no data available on dietary fish intake and o-3 LCPUFA status in Indian women during pregnancy.
In the present study, the total fish consumption (median intakes of 3-4 g day À1 among fish eaters) was 5-10 times lower than intakes reported for Danish (15.8 g day À1 ) and British (32.8 g day
À1
) pregnant women (Olsen and Secher, 2002; Rogers et al., 2004) . The dietary intakes of LCPUFA correlated well with erythrocyte membrane status and were similar to those reported in other studies (Olsen et al., 1995) . It is noteworthy that in a population with an overall poor intake of fish, a higher risk for LBW among those who did not eat fish in the third trimester was evident. Furthermore, a similar significant relationship was found for the lowest tertile of EPA intake and risk of LBW in the third trimester. These trends were evident in the first trimester as well, and the slopes of the relationship between birth weight and logarithmically transformed fish intake were not significantly different from each other across all trimesters (Figure 1 ). It follows, therefore, that small increases in the intake of fish across pregnancy may have a significant impact on birth weight, and this underlines the need for further investigation of the potential of marine foods and/or o-3 LCPUFAs in improving fetal growth in India (WHO, 1995) . Earlier observational studies on populations with much higher habitual fish intakes have found associations between measures of maternal seafood intake and fetal growth (Olsen et al., 1990 (Olsen et al., , 1993 Dar et al., 1992; Olsen and Secher, 2002) . A large prospective cohort study of British women reported a decrease in the frequency of IUGR with increasing fish intake in late pregnancy (Rogers et al., 2004) . However, unlike some of the other earlier studies (Olsen and Secher, 2002; Rogers et al., 2004) , we did not find a relationship between fish intake and gestational duration. This might be related to the actual amounts of fish consumed, since, in women who habitually consumed very high intakes of n-3 LCPUFA, fish oil supplementation significantly increased the duration of gestation, compared with controls (Olsen et al., 1992 (Olsen et al., , 2000 .
The mechanism of action of o-3 LCPUFAs in improving fetal growth may be linked to its effect on the endothelium (Shimokawa and Vanhoutte, 1988) . o-3 LCPUFAs have been shown to increase flow-mediated vasodilation in young adults (Leeson et al., 2002) and to improve membrane receptor activity probably through improvements in membrane fluidity (Goode et al., 1997) . Therefore, it is also Figure 1 Relationship of daily fish intake with birth weight at all three trimesters. Graph shows linear regression lines (solid line-first trimester, dot-dashed line-second trimester, dotted line-third trimester) between logarithmically transformed fish intake with birth weight, among those subjects who consumed fish. First and third trimester relationships were significant (Po0.05 and o0.01, respectively). Slope of lines ¼ 105.6, 53.2 and 131.3 g birth weight per unit log fish intake per day in first, second and third trimesters, respectively. Slopes were not significantly different from each other.
Maternal fish and x-3 LCPUFA intake and LBW S Muthayya et al possible that these fatty acids may increase fetal growth rate by increasing placental blood flow through the ratio of biologically active prostacyclins to thromboxanes and reduced blood viscosity (Makila et al., 1986) . The ratio of ALA to LA, in the present study women, was very low at 1:25. ALA and LA contributed to 0.25 and 6.8% of total energy intake, respectively. The high intake of LA was from sunflower and safflower oils in the daily diet. Studies using isotope-labeled ALA and LA have confirmed that a high LA intake inhibits conversion of ALA into EPA and DHA (Sinclair et al., 2002) . Other authors (Emken et al., 1994) found that when LA intake doubled, ALA intake decreased by a similar magnitude, and the ALA:LA ratio changed from 1:8 to 1:31. These studies suggest that there could be poor conversion of ALA into DHA in the present study women in whom both, the total amount of n-3 fatty acids, and the ratio of n-3 to n-6 fatty acids, was very low.
One of our earlier findings on a smaller cohort found significant associations between vitamin B 12 status and the risk of IUGR (Muthayya et al., 2006) . The coexistence of risk of IUGR associated with DHA and vitamin B 12 intake or status requires examination. While there may not be any metabolic relationship between these two nutrients, it might be that these two deficiencies are likely to coexist in predominantly vegetarian populations. However, the relationship between fish or EPA intake and LBW persisted after adjustment for vitamin B 12 or meat intake. Interestingly, a study on rural Indian women showed a significant relationship between the dietary intake of green leafy vegetables with birth weight; while they reflected low folate intakes in this group, this may also have reflected a low ALA intake (Rao et al., 2001) .
In conclusion, the present study conducted in low fisheating pregnant women suggests that fish intake, particularly in the third trimester, is closely associated with birth weight. While trials with o-3 LCPUFA supplementation during pregnancy have yielded small effects in other countries (Szajewska et al., 2006) , it is worth considering their impact on birth outcome in populations that do not eat fish or eat very small amounts of marine o-3 LCPUFA, as a topic for future research. gift of FAME standards and methodological assistance from Professor I Elmadfa, University of Vienna. The assistance of M Nancy, V Manjula, A Mercy and N Amudha in the collection and entry of data is also acknowledged. We are grateful to Dr Panam Parikh for helpful discussions. We also thank the women and their infants who participated in this study and the nurses who made this study possible. The authors have no conflict of interest.
